PATENT APPLICATION OF 

JING-HUA HE 
JOHN J. KILGARRIFF 
ERMING LUO 
JOHN OSENBACH 
BRIAN D. POTTEIGER 
HARRY REICHELDERFER 
RAO YELAMARTY 

FOR 



OPTOELECTRONIC PACKAGING DESIGN 
TO MINIMIZE OPTICAL SUBASSEMBLY TILT ERROR 



BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[001] The present invention relates to optoelectronic packaging design and an 

optical subassembly designed to minimize optical subassembly tilt error and to provide 
height control of an optical subassembly, including fluxless soldering of optical 
components. 

DESCRIPTION OF THE PRIOR ART 

[002] One of the goals of laser power distribution is to improve the laser power 

distribution of the laser emitter package by making the spread (a) of laser power 
distribution as narrow as possible. Many factors affect the laser power distribution of a 
laser emitter package. One of the factors is the tilt of the optical subassembly (OSA). 
Excessive tilt contributes to extreme lower power distribution. Previous attempts to 
correct the problem and improve the laser power distribution involved improvement of 
the die-bond machine's accuracy by placing the OSA into a laser sled housing to avoid 
the OSA's excessive planar rotational error. However, during the die-bond machine test, 
excessive rotational placement error contributed to extreme lower power distribution. 
Therefore, it has been observed that improving the die-bond machine's accuracy will 
only partially improve laser power distribution and will not be able to eliminate the 
problem totally. 

[003] One factor contributing to the OSA's tilt has been identified as the OSA's 

tilt due to the solder forming an unevenly distributed layer between the OSA and the laser 
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sled housing. The current problem is illustrated in Figures 1 and 2 which show the prior 
art designs. Figure 1 shows a prior art laser sled housing 10 for an OS A. A current OS A 
block 12 has a flat bottom 14. When the OS A block 12 is assembled into a laser sled 
housing 10, it seats on a thin layer of solder material such as solder paste, a solder 
preform, a reflowed solder preform, or pre-deposited solder. As will be known to those 
skilled in the art, the configuration shown in Figure 1 is also used to assemble a current 
OS A into a detector sled housing. Although the layer of solder material 16 is usually 
25(im thick, it is still very difficult to control the orientation of the OSA 12 using the 
prior art configuration shown in Figure 1. 

[004] Figure 2 illustrates the problem that develops with the prior art 

configuration, with like numbers being used to designate like elements. Figure 2 shows 
the current problem when the OSA 12 is placed into the laser sled housing 10 by seating 
it on solder material 16. The OSA 12 will seat on the solder material 16 without good 
orientation because it can pitch, roll, or tilt easily. When the prior art OSA design with 
OSA seating on top of the solder material is used, the OSA tends to tilt, roll, and pitch. 
These problems are very difficult to control in the manufacturing process. 
[005] Another attempt to control the problem used a new canal feature in laser 

sled housing design. However, the canal feature design requires more careful design of 
the laser sled housing resulting in many dimension and stability issues. 
[006] Therefore, there is a need to improve the laser power distribution by 

improving the OSA's tilt, pitch, and roll error and to provide accurate orientation for an 
OSA in three dimensional space and to make the manufacturing process easier. 
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SUMMARY OF THE INVENTION 

[007] An advantage of the present invention is that it improves laser power 

distribution of a laser emitter package. The present invention is directed to unique 
structure designs of the laser sled housing which stops solder material from forming an 
uneven distribution layer between the OSA and the laser sled housing package which, in 
turn, improves the OSA tilt problem. The housing design is aided by the use of a new 
fluxless soldering technique. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[008] Figure 1 is side view of a prior art design for placing an OSA block on top 

of solder material inside a laser sled housing. 

[009] 1 Figure 2 is a side view of the same prior art design in Figure 1 and 

showing how the solder material causes tilting of the OSA block. 
[0010] Figure 3 is a side view of an embodiment of the invention for placing an 

OSA on top of pads inside a laser sled housing. 

[0011] Figure 4 is a perspective view of the embodiment of the invention shown 

in Figure 3. 

[0012] Figure 5 is a side view of a second embodiment of the invention using a 

different placement of pads. 

[0013] Figure 6 is a perspective view of the second embodiment of the invention 

using a different place of pads. 

[0014] Figure 7 is a perspective view of a third embodiment of the invention 

showing the use of a single cavity for placement of solder. 
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[0015] Figure 8 is a side view of the third embodiment of the invention showing 

the direction of force and the direction of heat. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] The invention will be understood more fully from the detailed description 

given below and from the accompanying drawings of embodiments of the invention 
which, however, should not be taken to limit the invention to a specific embodiment, but 
is for explanation and understanding only. 

[0017] Figures 3 and 4 show an embodiment of the invention which is a new 

structure design of the laser sled housing which stops the solder material from forming an 
uneven distribution layer between the OSA and the laser sled housing package. This 
embodiment improves the OSA tilt problem. Again, the same numbers will identify like 
elements of the embodiment. 

[0018] Figure 3 shows an OSA block inside a laser sled housing 10. In an 

embodiment of the invention, the OSA block 12 rests on a series of pads 30, 32 which, in 
turn, rest on the inside of the laser sled housing 10. The relationship between the pads 30, 
32 and the OSA block is shown more clearly in Figure 4. Figure 4 shows that the OSA 
block 12 rests on four pads 30, 32, 34, and 36, one pad for each corner of the OSA block 
10. The bottom of pads 30, 32, 34, 36 rest on the inside of laser sled housing 10. Each of 
the pads 30, 32, 34, 36 has a thickness h which raises the OSA block 10 above the inside 
of the laser sled housing 10 by a distance equal to the thickness h of the pads. The pads 
30, 32, 34, 36 may be constructed of plastic, metal, or other materials with similar 
characteristics. 
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[0019] The four pads 30, 32, 34, 36 have sides 30a, 32a, 34a, 36a. The pads are 

designed to be small enough so that none of the sides touch each other. Instead, the sides 
of the pads form groove-like spaces 38, 40, 42, 44 between them. The grooves form 
channels for melted solder material 46 to be placed between the sides in order to fix the 
OS A block 12 to the laser sled housing 10. The solder material volume is controlled so 
that it does not greatly exceed the volume of each groove. The shape of the pads can 
vary as long as they provide support for the four corners of the OSA and allow for 
grooves between their sides. Thus, the pads will touch the laser sled housing base and 
thus provide geometry support for the OSA instead of letting the OSA be seated on the 
solder material. It will be understood by those skilled in the art that these embodiments of 
the invention, as well as all other embodiments of the invention, will work equally well 
when epoxy is substituted for solder material or when various combinations of solder 
material and epoxy are used or any materials that are equivalent to solder material or 
epoxy are used. 

[0020] The embodiment of the invention shown in Figures 3 and 4 support the 

OSA in three dimensional space instead of allowing the OSA to float on the solder 
material without solid support. Thus, this embodiment of the invention eliminates 
possible tilt, roll, and pitch of the OSA inside the laser sled. This embodiment makes the 
OSA's orientation inside the laser sled accurately located. Thus, the pads in this 
embodiment, and in all embodiments, also provide the ability to control the vertical 
position of the OSA. 

[0021] Another embodiment of the invention is shown in Figures 5 and 6 where 

foot pads 50, 52, 54, 56 are attached directly to the bottom of OSA 12 and are part of the 



6 



857436J 



OS A. In this embodiment, the OS A 12 rests directly on the inside of sled housing 10 
through the foot pads 50, 52, 54, 56. The sides of the foot pads form grooves for 
receiving the solder material In this embodiment, the OSA will be pushed down into the 
sled housing 10 until the OSA's pads contact the inside base of the housing. The solder 
material 58 will then flow under the OSA between the foot pads. The free flowing solder 
will form a good solder joint between the OSA 12 and the housing 10. Furthermore, 
using this embodiment will not require monitoring of the thickness of the solder material. 
The foot pads provide good geometry restraint thereby eliminating the OSA tilt problem. 
[0022] Another embodiment of the invention is shown in Figures 7 and 8. In this 

embodiment, a component may be soldered to the base using a cavity and fluxless solder. 
More specifically, base 70 has a cavity 72. A pre-measured block of solder 74 is placed 
inside cavity 72. The volume of solder 74 is designed so that it is smaller than the 
perimeter of the cavity 74, but higher than the walls of the cavity. The bottom surface of 
cavity 72 and the bottom of component 76 are plated with gold. 

[0023] As shown in Figure 8, after the solder 74 is placed in the cavity, the 

component, such as an OSA, is placed on top of the solder with a downward force against 
the solder. The downward force is sufficiently large so that it breaks the oxidation layer 
in the surface of the solder. Heat is applied to the bottom of the base to melt the solder. 
The temperature of the heat applied to the base 70 is higher than the melting point of the 
solder thereby causing the solder to liquefy. The volume of the solder is such that it just 
fills the cavity without overflowing the cavity. 

[0024] When the solder is heated, the preform collapses emitting solder from one 

or more edges. The solder flows in the cavity which is now contained on top by the 
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component 76, forcing the solder to fill the cavity 72 and make wet contact with both Au 
surfaces. The solder is forced to flow inside the cavity and wet the surfaces creating a 
solder joint without compromising physical alignment of the component 76 with the base 
70. 

[0025] The design and method described in connection with Figures 7 and 8 can 

be used either with a single cavity or groove as shown in those figures or can be used in 
connection with the pads and grooves shown in Figures 3, 4, 5, and 6. 
[0026] The designs disclosed herein are not limited to a detector OSA or to an 

emitter (laser) OSA. It applies to any OSA design for all general optical packaging and 
to any other components which must be soldered together. 

[0027] While the invention has been described with specificity, additional 

advantages and modifications will readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the specific details shown and described 
herein. Accordingly, various modifications may be made without departing from the 
spirit or scope of the general inventive concepts as defined by the appended claims and 
their equivalents. 
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